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slow, and varies greatly according to the physical condition of the oxide of copper.
Cupric oxide is also used by Winkler in his apparatus for the estimation of methane in pit air, which will be described later on. Other apparatus for burning gases by means of cupric oxide have been described by Ubbelohde and de Castro (/. Gasbeleucht, 1911, p. 810); Hohensee (ibid., 1911, p. 814); Worrell (Metallurg. Chem. Engin., 1911, p. 576; Z. angew. Ghent., 1912, p. 915); the "Metrogas" apparatus (/. Gas Lighting, 1911, p. 819); Dennis (his Gas Analysis, p. 201).
Grebel's "comburimeter" (/. Gas Lighting., cxxi. p. 738) measures the quantity of air or oxygen required for burning the gas, by means of a special instrument, the " comburimeter," consisting of a burner with chimney, with exactly regulated supply of air and gas, in which an excess of oxygen in the flame is recognised by the change of colour of a drop of melted lead.
IV.   GAS-ANALYSIS BY OPTICAL AND ACOUSTICAL METHODS.
A large number of chemists and physicists, beginning from Dulong in I826,1 have studied the optical behaviour of gases, and more especially their refractometric properties. We owe it, however, only to the labours of Professor Haber and his students, that these properties have led to practical results for the purpose of scientific and technical gas-analysis.
Haber's gas-refractometer (supplied by Carl Zeiss, of Jena) is constructed on the principles laid down by Lord Raylcigh (Proc. Roy. Soc., 1896, p. 203) and Ramsay and Travers (ibid., 1897, p. 225), but many difficulties had to be overcome before an instrument fit for practical use had been worked out. This instrument has been described by Haber in Z. angcw. Chcm., \ 906, p. 1418, and in Z. Elektrochem., 1907, p. 460. A long paper by Stuckert (ibid., 1910, pp. 37 to 75) describes the researches made by means of this with a number of gases. We refrain, however, from going into this, as Haber has later on, in conjunction with Dr Lowe, of the firm of Carl Zeiss, worked out another
1 The literature of this subject is enumerated in the paper of Stuckert, mentioned in the text.